with a workshop on mussel farming chaired by Scott Lindell of the Marine Biological Laboratory, Woods Hole, Massachusetts and sponsored by the Northeastern Regional Aquaculture Center and the Northeast Sea Grant College Consortium. Over 50 individuals attended including growers of blue mussels, Mytilus edulis, from Newfoundland, Iceland, Norway and the US. A poster session and social followed the workshop which included cultured oysters and clams graciously provided by Frank Flower Shellfish Farm, Oyster Bay, NY. The formal program was opened on February 8th by Lorenzo Juarez, Assistant Deputy Director of the NOAA Aquaculture Program, who described NOAA's commitment to developing successful farming ventures in US waters. This was followed by 32 oral presentations delivered to 110 attendees from 8 coastal states. Two vocational-aquaculture directed high schools from Connecticut provided student presentations on the culture of lobsters and nutrient bioextraction while another student from Southampton, NY discussed culture of Pacific giant clams, Tridacna sp. The Milford Laboratory presented a series of talks integrating cooperative long-term data collection at commercial shellfish facilities in Peconic Bay, NY and Milford, CT waters. Other presentation topics included, but were not limited to, effects of bacterial pathogens on shellfish culture, use of probiotic bacteria to enhance culture, effects of harmful algal blooms upon scallop culture, and a workshop on developing guidelines for shellfish restoration. David Alves, NOAA's Northeast Regional Aquaculture Coordinator, presented the NOAA Draft National Aquaculture Policy which was released for public comment on Feb. 9 th . The Seminar is grateful for the sponsorship provided by the Northeast Fisheries Science Center, Woods Hole, MA and the Northeastern Regional Aquaculture Center, College Park, MD.
REMNANTS OF STRESS-RELATED TRANSPOSABLE
ELEMENTS IN THE OYSTER GENOME. Acacia AlcivarWarren. ONE HEALTH Genomics Program, Environmental Genomics Inc. (EGI), 6 Sunrise Drive, Southborough, MA 01772. environmentalgenomics.warren@gmail.com
The spread of repetitive DNA plays a key role in the evolution of gene regulatory networks and fitness traits. In humans, the genome is made up of ''fossil'' sequences of genes as well as transposable elements (TEs). These ''fossils'' (or remnants) of ancient TE insertions are still recognizable today, with the genome mostly made up of sequences that are similar to those of present day mRNAs but with a wide range of divergences. This epigenetic mechanism is also present in invertebrates. In bdelloid rotifers for instance, the genome harbors genes that are concentrated mainly in telomeric regions and accompanied by TEs of diverse types, both intact and decayed. As part of EGI's ONE HEALTH Genomics program, we have identified intact TEs and remnant of TE repeats in shrimp, Litopenaeus vannamei, L. stylirostris and Penaeus monodon, after exposure to pathogens (Taura Syndrome Virus, White Spot Syndrome Virus, among others) and environmental stressors such as cadmium, a human endocrine disruptor. Limited information on potential retrotransposition events controlling gene expression in oysters is available. The specific aim of this study was to determine if remnants of TE repeats are present in the oyster genome. Sequences of the complete mitochondrial genome from 5 oyster species, 6 bacterial artificial chromosome (BAC) library clones of Crassostrea gigas totaling ;1 million nucleotides, and ;10,000 expressed sequence tags (ESTs) were used to classify TE repeats using Repbase and TEclass databases. Bioinformatics analyses revealed that remnants of TE repeats are present in both the mitochondrial-and nuclear-DNA encoded sequences. Different classes of TE-like repeats are present in the mitochondrial DNA of C. virginica and C. gigas. The most abundant TE classes in the selected BAC clones are: DNA transposons hAT and EnSpm; endogenous retrovirus ERV1 and ERV2; LTR retrotransposon Gypsy and Copia; and nonLTR retrotransposons CR1 and L1, among others. TE-like repeats are also present in some ESTs from healthy and diseased challenged oysters, suggesting active retrotransposition events in the oyster genome. The presence of the reverse transcriptase (RTE)-like nonLTR retrotransposon in the bindin gene will be used to discuss potential involvement of TEs in oyster fitness and well being, and application of mobile element-based forensic genomics. Ecosystem services are indispensable to the well-being of all people. Marine shrimp populations in their natural habitat are threatened by a variety of pressures including destruction of their nursery areas (estuarine mangroves), chemical pollution, spread of viral diseases, and gene pool depletion. Shrimp is the favorite seafood of Americans and most shrimp is imported from developing tropical countries causing a US$ ;3.5 billion yearly trade deficit. Shrimp are also one of the most frequent causes of allergic reactions in hypersensitive people, particularly children. A trend for association between ecosystem health (mangroves forests status, intensity of shrimp aquaculture) and genetic differentiation of wild shrimp has been reported. We hypothesize that wild shrimp from major producing countries and frozen shrimp sold in US supermarkets is contaminated with viruses and low-level endocrine disrupting chemicals (EDCs) such as heavy metals, polychlorinated biphenyl (PCBs) and polyaromatic hydrocarbons (PAHs), and may affect human health long term.
Preliminary results obtained through collaborative research with the FUCOBI Foundation of Ecuador (www.fucobi.org) under their ''UNA SALUD/ONE HEALTH'' project will be presented. Levels of nitrate, nitrite, phosphate and heavy metals in sediment of El Oro and Guayas provinces varied among and within collection sites. Microsatellite allele diversity was variable in wild Litopenaeus vannamei shrimp from five coastal provinces. Significant (P < 0.05) association between mangroves status and the prevalence of Infectious Hypodermal and Hematopoietic Necrotic Virus (IHHNV), but not White Spot Syndrome Virus (WSSV) were found in wild shrimp of Ecuador. Infectious and non-infectious IHHNV and WSSV was detected by PCR in wild shrimp from Ecuador, Thailand and US, and in frozen shrimp sold in Massachusetts (MA) supermarkets. Trace concentrations of heavy metals in frozen shrimp sold in MA supermarkets are generally low, similar to the levels found in SPF shrimp from the US, suggesting that consumption of these shrimp may not represent a toxicity risk to public health. Thirty metals were initially detected in wild L. vannamei of Ecuador, 15 of these will be routinely tested through FUCOBI's biomonitoring program. Cadmium levels in shrimp and conch exceed in some locations the maximum levels accepted by the Ministry of the Environment of Ecuador, the European Union, FAO and World Health Organization. In collaboration with Dr. Jonathan E. Kenny we develop molecular and biochemical markers for traceability of imported shrimp. We work with Dr. Laura Hake to study the association between allergen gene expression and pollutant load (viruses and EDCs) and search for polymorphisms in allergy-causing genes (tropomyosin, arginine kinase, myosin light chain, and sarcoplasmic calcium-binding protein). Cadmium, a known endocrine disruptor linked to kidney damage, prostate cancer and diabetes, may affect reproductive and immune system functions of shrimp, bivalves and humans at very low levels. A traceability program for shrimp sold in US supermarkets is needed in order to reassure consumers about the safety of imported seafood. In January 2010 with funding from the McKnight Foundation African Grants Program and the Island Creek Foundation, efforts were begun to construct and operate a pilot bivalve shellfish hatchery on the East African island of Zanzibar. The shellfish hatchery, believed to be the first on the East African coast, is part of a larger project to develop a decentralized, local village aquaculture industry producing domestic product for the island population. The initial hatchery trials involve the commercially important blood ark cockle, Anadara antiquata.
The shellfish hatchery, based on the design of the Martha's Vineyard Shellfish Group hatchery, was built in an outdoor alley space provided by the Zanzibar Institute of Marine Science in Stone Town. The equipment and some of the piping were prefabricated in Duxbury, MA; air freighted to the city of Dar es Salaam on the Tanzanian mainland and then transported via a traditional dhow sailboat across the channel to the Island.
Hatchery construction and operation has proved challenging in a developing country with unreliable infrastructure and a scarcity of technical equipment. Despite unexpected delays, in early March within a week of getting the shipped materials released from customs and electrical power restored following a three month long outage, our pilot hatchery was constructed and largely functional. Test tubes of phytoplankton cultures grew amazingly quickly in the strong equatorial sunlight and we soon had sufficient algae to begin ripening broodstock. In the year since construction, we have successfully demonstrated an ability to maintain large volumes of cultured algae, ripened broodstock, conducted several spawnings, and took a small number of larvae through metamorphosis to setting. In anticipation of expanded hatchery seed production, concomitant field nursery culture investigations are underway. It has been suggested that resource competition from the Asian crab (Hemigrapsus sanguineus) would result in population declines of the European green crab (Carcinus maenas) along the east coast of North America. From September 2008 to December 2010 we studied a green crab population in Milford Harbor, CT to determine abundance and population structure. Four unbaited traps located at two shallow subtidal sites were used to capture crabs. All trapped crabs were counted, sexed and measured (carapace width CW to the nearest mm), and the color morphotype was recorded. CPUE (crabs per trap per day) estimates ranged from 0.2 to 2.3 during the sampling period. Male crabs were larger than female crabs, and approximately twice as many males as females were caught during the study. The population size structure was unchanged during both annual periods for which data was available (Sept. 2008 -Aug. 2009 and Sept. 2009 -Aug. 2010 ). Ventral carapace color varied between green and orange-red, with an overall higher proportion of red morphotype crabs. Red coloration has been associated with prolonged intermolt periods and is thought to confer an advantage when mating since red phase individuals have thicker carapaces and more robust chela (Kaiser et al. 1990 ). Females carrying eggs were caught from December through September and monthly estimates of berried females in the population ranged from 4-32%. Preliminary results of this study suggest a stable, reproductively active population and do not support the hypothesis that the green crab population in Milford Harbor is in decline. Field data generated by this work provides a foundation for the continued study of the population dynamics of Carcinus maenas in Long Island Sound.
BIOLOGY AND POPULATION DYNAMICS OF THE GREEN CRAB (CARCINUS MAENAS) IN MILFORD HARBOR (CONNECTICUT USA
A MULTI-YEAR STUDY OF TOTAL VIBRIO AT A COM-MERCIAL SHELLFISH HATCHERY. Walter J. Blogoslawski. U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Northeast Fisheries Science Center, Milford Laboratory, 212 Rogers Avenue, Milford, CT 06460. walter.blogoslawski@noaa.gov From 1996 to the present (2010 , samples of water, sediment and macerated oyster set (Crassostrea virginica) taken at low tide at a Long Island oyster hatchery were plated on Difco TCBS Ò agar to enumerate Vibrio-like colony forming units. Microscopic examination of the oyster larvae during disease episodes revealed globules within the larvae, loss of feeding, swarming of bacteria, and detachment of epithelium. Observations at the hatchery and in experiments in the laboratory revealed transmission of symptoms from ''affected'' to ''healthy'' larvae with the majority of larvae showing symptoms typically dying within 48 hours time. Variation in Vibrio bacterial counts was observed relative to the months in which sampling was accomplished. Overall, the concentration of Vibrio-like organisms was highest in the sediment and the meats and was relatively low in the seawater. Examination of the data indicates that there may be a correlation between increased concentration of Vibrio in the seawater at the same time that there is increased Vibrio concentration in the sediment. Interestingly, it appears that there may be a lag between Vibrio concentration in the meats and in the sediment with the meat concentration spiking after a high concentration in the sediment. These data are further explored and systems and precautions to take during a disease event are discussed. Nantucket Harbor supports a wild population of bay scallops (Argopecten irradians irradians) which is fished commercially. Recently, the harvest has varied from year to year by nearly a factor of ten, from a high of 32,500 bushels in 2004-5 to 3,850 bushels in 2006-7. The harbor is 10 km long and ranges from 0.7 km to 2.7 km wide. Tidal currents in the lower harbor can reach almost two knots, and could transport bay scallop larvae significant distances, even out of the harbor. To investigate this possibility, standard size spat collectors (5 replicates at each site) were deployed every two weeks during the 2009 spawning season at one location outside the Harbor and six locations inside the Harbor. Over the course of the spawning season, the outside location had 3.7 times the settlement compared to the location just inside the Harbor (2,660 vs. 712 seed scallops per collector). During the 2010 spawning season, spat collectors were deployed every two weeks at five locations inside the Harbor and four locations outside the Harbor. For example, the collectors deployed just outside the Harbor entrance on June 16, at the peak of the June spawning event, collected an average of 785 ± 112 seed scallops, while the collectors just inside the Harbor entrance collected 140 ± 42 seed scallops. This would indicate that during the June spawning event 85% were transported outside the Harbor and were lost to the Harbor population. Collectors located up to 2.6 km outside the Harbor entrance had significant settlement as well. As there are very few adult scallops outside the Harbor, we conclude that these larvae originated within the Harbor. To further understand the currents, tidal drifters were deployed at several locations at both high and low tides. The tracks of these drifters show that larvae spawned at high tide in the outer 1/3 of the harbor could be carried out through the entrance and be lost in just one outgoing tide. We believe that a significant fraction of the June 2010 spawn was lost to the Harbor due to tidal transport and that losses like this may account for some of the annual fluctuation in the scallop population observed within Nantucket Harbor. Approximately 30 oysters were collected from each site during each sampling event and sorted to select twelve oysters of similar shell length (80-100 mm) and condition (OCI: 4.4-5.5) for total mercury analysis. Oysters were shucked and tissues were freeze-dried, ground to a fine powder using a mortar and pestle, and stored individually in labeled 4 oz sterile Whirl-Pak plastic bags. Sediment and oyster tissue samples were analyzed directly for mercury by thermal decomposition amalgamation and atomic absorption spectrophotometry using a Milestone DMA-80 direct mercury analyzer according to EPA Method 7473. Sediment type in the channel of the lower Housatonic River at these three locations ranged from predominantly silt to predominantly fine-medium sand (70-330 mm median grain-size) with mercury concentrations ranging from 0.022 to 0.077 mg/kg dry weight. Mercury concentrations generally varied as a function of sediment grain size and sediment loss on ignition. Oyster tissue mercury contents at three locations ranged from 0.117 ± 0.013 to 0.211 ± 0.023 mg/kg dry weight. The mean oyster tissue dry/wet weight ratio for this study was 8.8. Oyster tissue mercury contents were not directly correlated with sediment mercury contents at each respective site and no seasonal trends were observed. Assuming all oyster tissue mercury is present as methylmercury, these reported levels are well below the U.S. EPA guidance criterion of 0.3 mg/kg wet weight for fish and shellfish. The eastern oyster Crassostrea virginica is a shellfish commonly found along the east coast of the United States and has significant ecological and economic importance. Oysters are exposed to many stresses resulting from anthropogenic practices in estuarine systems, which are thought to modify parasite and pathogen susceptibility. Using a transplant experiment, we will investigate responses of oysters from two stocks, one from Edgartown Pond (EGP) on Martha's Vineyard (MA), a relatively clean site, and another from Clinton Harbor (CT), a site with known industrial pollution. Oysters from EGP will be held in a cage for one month in Clinton Harbor. At the end of the exposure period, EGP and Clinton oysters, as well as a control from Martha's Vineyard, will be sampled for four different analyses: 1) histological to assess parasites and pathological conditions 2) immunological to determine functions of hemocytes using flow cytometry (phagocytosis, lysosomes, etc); 3) gene-expression using Real-time PCR; and 4) pollutant body burdens of heavy metals and organic pollutants. For gene-expression analysis, examination of the literature has enabled the identification of twenty genes showing high expression variation in C. virginica, mainly during exposure to pathogens and pollutants. Subsequently, primers were designed using data available in Genbankä. Selected genes belong to various physiological pathways, including stress response (metallothionein, Heat Shock Protein), immunity (C-type lectin, cathepsin), ligase activity (Ubiquitin) and apoptosis regulation (Tumor necrosis factor receptor member). Thus, this study will allow us to: 1) investigate the response of the EGP stock during exposure to an impacted site; and 2) compare this response to that of the local stock. A framework was developed for determining carrying capacity through mass-balance ecosystem modeling and stakeholder involvement that can be used to guide management of bivalve aquaculture. Two Ecopath models were constructed for Narragansett Bay and coastal lagoons, Rhode Island, USA where aquaculture has doubled in six years and user conflict is high. Cultured oysters were not a significant part of Narragansett Bay or the lagoons, despite rapid increase in the industry. Bivalves are not food limited and are unlikely to become food limited in the distant future in part due to a large detritus pool. Cultured oyster biomass in Narragansett Bay is currently at 0.5MT km -2 and could be increased 625 times without exceeding the ecological carrying capacity of 297MT km -2 . Cultured oyster biomass in the lagoons is currently at 12MT km -2 and could increase 62 times this value without exceeding the ecological carrying capacity of 722MT km -2 . Narragansett Bay and the lagoons were more productive and had higher carrying capacity than heavily cultured New Zealand bays. Involving the stakeholders in the modeling process increased understanding and acceptance of the science thereby making the results more likely to be incorporated into future management and policy formulation. ''Summer mortality'' of Crassostrea gigas has long imposed modest losses on the Pacific oyster industry in Europe, as well as in the Pacific Northwest. An oyster herpesvirus (OsHV-1), a shellfish pathogen that poses no human health risk, has been recognized as a possible contributor to this, but disease and mortality have generally been manageable. In the summer of 2008, however, elevated mortality of 40-100%, primarily affecting spat and juveniles (12-18 months old), swept major Pacific oyster (Crassostrea gigas) growing areas in France. (The flat oyster, Ostrea edulis, was not affected, nor were clams, cockles, or mussels.) Elevated mortality was again observed in 2009 and 2010. Local appearance of disease and mortality corresponded with water temperatures reaching 16°C, and OsHV-1 was detected in most moribund oysters. Three Vibrio species (V. splendidus, V. aestuarianus, and V. harveyi) were also detected, but the role of these bacteria in the outbreaks is not well resolved.
THE LOSS OF BAY

MERCURY IN THE SEDIMENT AND EASTERN OYSTER
WORKING TOWARD CONSENSUS
UPDATE ON EMERGING DISEASE OUTBREAKS IN EUROPE
The mortality events corresponded closely with the emergence of a new viral strain, OsHV-1 mVar. Not observed in C. gigas The sequence of outbreaks since 2008 raises basic questions about the evolution of this particular virus. What caused an otherwise innocuous viral organism to suddenly become so virulent? It also raises questions about the human role in the ongoing epizootic, and how the outbreak might have been managed differently. While the source of the virus in Australia, and possibly New Zealand, has yet to be determined, spread of the OsHV-1 mVar from France to Ireland and the United Kingdom probably resulted from commercial transfers 2 . While this has no immediate economic relevance to the shellfish industry on the US East Coast, it represents a failure to manage an emerging disease that offers sharp lessons for health and resource managers in our region. The perspective we may gain from the European experience will be the focus of this presentation. 1 Segarra, A., J.F. Pe´pin, I. Arzul, B. Morga, N. Faury, and T. Connecticut's municipal shellfish commissions are responsible for managing shellfisheries within their town waters. Each commission is required to develop a comprehensive management plan that identifies appropriate sites for both recreational and commercial shellfishing activity to avoid potential social conflicts and adverse environmental effects, which is critical to this decision making process. Previously, data layers including distribution and abundance of marine resources, mooring positions, shellfish classification areas, water quality data and existing harvest areas have been distributed in formats ranging from hand drawn or paper maps to sophisticated GIS datasets. The variety of information and range of technical skill required to utilize these data has been an impediment for municipal managers across the state, most of which are volunteer-based, on a limited budget, and less likely to have training in geospatial technology. With help from the Connecticut Sea Grant Program and the Connecticut Department of Agriculture, Bureau of Aquaculture, the University of Connecticut Center for Land Use Education and Research (CLEAR) has developed an interactive online map viewer to provide the commissions with the tools and information necessary to make informed decision regarding the siting of shellfisheries in their town. The online viewer is built using ESRI's ArcGIS API for Flex which allows for the creation of rich Internet applications on top of ArcGIS Server.
by the upper and lower 25 th percentile of the first generation brood stock and creating successive lines of sib crosses using the same criteria. While some success has been realized, carrying those traits through multiple generations can be problematic because of environmental changes, decreased genetic diversity or other combinations of factors, while being limited to the bay scallops two year life cycle. Our normal selection process usually occurs at around age 1+ years for the sake of determining the broodstock for the next spawning trials. Considering the variations in size that occur in each line of scallops, we decided to determine if scallop selection could occur at an earlier life stage and if those differences are maintained as the scallops grow to broodstock size. For this trial, we used a wild stock population retrieved from Stonington, Connecticut . The scallops were mass spawned and cultured using our standard procedures. At day 50, half of the population was screened through a 3 3 4.5 mm mesh and adjusted to similar biovolumes. The other half of the population was used as the control with our normal approach to grow-out of genetic populations having no adjustment for size. Growth and survival data were recorded at regular intervals until the growing season was over at 190 days. Final size for the selected large group was larger (36.46 mm ± 5.02) at the end of the season than sizes for the control (32.06 mm ± 6.21)and small group (34.02 mm ± 4.25), but did not show a significant difference. Determination of growth rates showed no significant difference between all groups. Survival of the two selected groups was better than the control group but they were comparable to each other. The effects of hydraulic shellfish dredging on the biogeochemistry of benthic sediments were studied. Over a six month period, sediment-core samples were collected from non-dredged and dredged, 1-hectare plots on a leased hard clam, Mercenaria mercenaria, bed in Long Island Sound. Sediment pore-water porosity, pore-water hydrogen-sulfide, total ammonia, pH, and oxygen were measured. Particulate samples were collected for grain-size and particulate carbon, nitrogen, and sulfur analysis. Results showed significant seasonal variability in pH, oxygen, hydrogen sulfide, and total ammonia concentrations. Seasonal variability resulted in significant differences in pH, dissolved oxygen, and hydrogen sulfide concentration; however there was no significant difference between dredged and non-dredged sites. This study showed that seasonal variability had a stronger influence on the biogeochemistry of the sediments than did hydraulic shellfish dredging. The SC Dept. of Planning (Dept.) kicked off the first lease application cycle in November 2009. This first phase of implementation addressed the need for New York State Department of Environmental Conservation Temporary Marine Area Use Assignment (TMAUA) holders currently operating in Peconic Bay to obtain leases from SC. The Dept. met with 27 potential lease applicants, and received 25 lease applications by the close of the application period. Subsequent to the two-month public notice period and the two meetings of the SC Aquaculture Lease Board, 21 lease applicants are proceeding with the execution of a lease on their selected and approved lease site locations. A total 195 acres (18 10-acre areas and three 5-acre areas) will be leased in this cycle. In October 2010, SC executed the first five Shellfish Aquaculture Lease Agreements, and satisfied requirements under NYS Law.
MEASURING THE BIOGEOCHEMICAL EFFECTS OF
PROGRESS IN THE PECONICS
The second phase of implementation began in March 2010; the Dept. held a second informational meeting for private oyster grant owners who were interested in cultivating species other than oysters on their private grant parcels. Six oyster grant owners submitted 13 lease applications by the close of the application period. After public notice and review, the SC Aquaculture Lease Board approved lease overlays on three oyster grants without conditions (total area of 275 acres); and approved, with conditions, lease overlays of 20 acres each on nine other oyster grants (total area of 180 acres). At this time, four applicants are proceeding with the execution of lease agreements for a lease overlay on their private oyster grant parcels. The Dept. will work with the lease applicants to address these conditional lease requirements, as applicable, and prepare lease agreements for execution during 2011.
The third application cycle for shellfish farmers seeking new leases subject to the annual acreage cap limit began in January 2011. A total of 115 acres are available for lease in this cycle. Since the start of this lease application cycle, the Dept. has scheduled 20 pre-application meetings and received five applications for new lease acreage. The application period closes on March 4, 2011. Lease applicants are not restricted by any residency requirement.
The Department of Planning anticipates the entire application process (pre-application meetings with prospective lease applicants, lease application submission, public notice and comment review, and Aquaculture Lease Board decision-making) will be conducted during the coming year to determine those sites eligible for lease and identify the applicants that will be able to proceed in the program.
As the Shellfish Aquaculture Lease Program moves into its second year of implementation the Dept. will continue to be an advocate for Shellfish Aquaculture in New York, while persisting in its efforts to improve the Lease Program. Mussels are suspension-feeding bivalves that can remove large quantities of organic matter from the ecosystems they inhabit, especially sites with high aquaculture production. Although different approaches have been used to study the feeding behavior of mussels, there is still a need to study such behavior in the field minimizing as much as possible the disturbance of the mussels to obtain more realistic data. To this end, two portable, flow-through devices were designed to simulate in vivo conditions of mussel feeding, and the biodeposition method was used to determine mussel (Mytilus galloprovincialis) feeding behavior and physiology in a Mediterranean estuary where bivalve aquaculture takes place. The study was performed at four different periods of the year following the mussel culture cycle to track seasonal differences. The results showed that short-term variations in food quantity and quality were similar to the long-term variations. Nevertheless, the bay water was characterized by a high organic content, with f (Particulate Organic Matter/Total Particulate Matter) values ranging from 0.48 to 0.73. Physiological variables characterizing both food acquisition and absorption were found to vary in the short-term; however, we found high clearance rate and absorption efficiency values throughout the study. Mussels reduced clearance rate instead of increasing pseudofeces production when seston concentrations were high in the bay. The absorption efficiency was positively related to the organic content of the seston particles. The physiological variables measured in the mussels decreased when the bay water temperature increased during summer. Recent studies show that bivalves can improve water quality through filter-feeding capacity to clear microalgae and detritus from suspension, thereby mitigating some effects of eutrophication. A similar approach to the above-described study will be used to quantify particle removal and nutrient absorption by the native ribbed mussel (Geukensia demissa) in an experimental nutrientbioextraction project in the Bronx River in New York City. According to market research consumers are changing their food buying habits and there is a trend toward purchasing products that are grown locally and by farmers/farms that people are familiar with. Community Supported Agriculture operations or ''CSAs'' act as a mechanism for community members to invest in a farm prior to the production season, assume a shared risk with the farmer, and receive a return on their investment -usually fruits, vegetables, or other farm products. CSAs has become a popular business structure for traditional land-based agriculture as a means to supply local agricultural products to consumers and also as a way to resolve the general disconnect among consumers, food production and farmers. CSAs have also become trendy among consumers, who are often willing to pay more for CSA products than their conventionally marketed equivalents. This type of business structure is gaining appeal of other food production industries including aquaculture.
COMMUNITY SUPPORTED AQUACULTURE
A preliminary assessment of shellfish consumers in towns across Connecticut revealed a widespread interest in having access to local shellfish and a desire to support the development of shellfish CSAs. Ninety percent of those surveyed (n = 128) expressed a willingness to pay a premium for shellfish grown locally. Respondents were willing to pay a premium of at least $0.50 to more than $2 per pound greater than the average product price. In addition, a survey of municipal shellfish managers who use shellfish for stock enhancement or restoration efforts revealed that their demand regularly exceeded supply. Respondents stated that they either imported shellfish seed from outside of Connecticut or purchased expensive market-sized product from commercial harvesters. Many of these commissions also expressed interest in investing in a CSA as means of supplying their shellfish demands. These and other data will be used to determine the feasibility of establishing the Connecticut's first shellfish CSA. Although hydraulic dredging directly affects the benthic community, the rate of ecological recovery is specific to the degree of disturbance and many biotic and abiotic factors. A field experiment was conducted in Long Island Sound with an industry partner on a leased shellfish bed where hard clams, Mercenaria mercenaria, are cultivated. We compared abundance and biodiversity of benthic fauna on six 1-hectare plots before a mid-June dredging and then on three dredged and three non-dredged plots for a period of six months. Benthic organisms (>1 mm) were enumerated from Smith-MacIntyre grabs and macrofauna were sampled with a 1-meter beam trawl. Results indicate a high biodiversity that did not change markedly after dredging. During the 6 months following dredging, recruitment occurred for many species found in the pre-dredging plots, especially bivalves. Recently settled Mya arenaria, Mercenaria mercenaria, and Mulinia lateralis were dominant species. Few statistical differences among individual species or assemblages were detected between dredged and non-dredged sites. Beam trawl catches of finfish and other macrofauna on the clam beds showed that seasonal effects were greater than those attributed to dredging. In addition to the biological data, immediate physical effects of hydraulic dredging were documented from video recorded by a remotely-operated vehicle. No substantial dredge tracks were observed on the seafloor surface after several hours of dredging over an area of about 4 hectares. This experiment found that hydraulic dredging had minimal effect on the benthic community and recovery proceeded rapidly through natural seasonal recruitment. Results from this study and a companion study on biogeochemical effects of dredging document how hard clam cultivation on leased beds affects habitat ecology.
MEASURING ECOLOGICAL EFFECTS OF HYDRAULIC
NUTRIENT BIOEXTRACTION USING BLUE MUSSELS AND EASTERN OYSTERS. Titania Green and Kirk Shadle. Bridgeport Regional Aquaculture Science and Technology Education Center, 60 Saint Stephens Road, Bridgeport, CT 06605. kshadle@bridgeportedu.net Nutrient bioextraction is an environmental remediation strategy in which nutrients are removed from an aquatic ecosystem through enhanced biological production. Due to the sewage discharge from the Greater Black Rock Area outflow, the nitrate level in this associated region has increased; this increase in nitrate results in eutrophication, a process which lends its self to hypoxic conditions. Establishing the viability of nutrient bioextraction is important in determining methods that will improve hypoxic conditions in Long Island Sound. Once oxygen concentrations fall below 3mg/L, mobile organisms leave while sessile organisms are left under environmental stress that could lead to high population mortality rates. To evaluate the feasibility of nutrient bioextraction as a viable solution for decreasing the elevated nitrate levels in Long Island Sound, algae was put into a 201.4 Liter tray, kept at 16°C with a salinity of 30 ppt. In an effort to replicate the sewage discharged from the Water Pollution Control Facility, a baseline nitrate level of 21 ppm was established through repeated nitrate tests. 6.75 Liters of algae was placed in a tray with an elevated nitrate level of 86.46 ppm for 48 hours to induce a bloom; once there was an algae bloom, shellfish, Crassostrea virginica, were subsequently placed into the trays. During the trial period, daily water samples were tested for nitrate to determine if the nutrient bioextraction technique was decreasing the nitrate level in the tray.
The overall data collected indicates an 82.96 ppm increase in nitrate and a 95.9% change in nitrate from the initial. Thus, the results reveal that nutrient bioextraction is not a feasible method for decreasing elevated nitrate levels in the Sound. To further assess the validity of this statement, nutrient bioextraction will be tested with another species of shellfish. An extensive bloom of the dinoflagellate Cochlodinium polykrikoides occurred in Nantucket Harbor and surrounding areas of Nantucket Sound in August and September, 2009. During the 2009 algal bloom, we observed the following: 1) mortality of small (3-5 mm) juvenile bay scallops in spat bags in the Head of Nantucket Harbor (where the bloom was visually the most dense) was at least 52% compared to the usual 1% or less found in other areas of the Harbor and in previous years; 2) spat bags set in the Head of the Harbor on 15 August and checked two months later had no scallops, a result not seen at this location over the previous five years; and 3) scallops collected from spat lines set on 15 June and caged during an algal bloom at Pocomo Point on 17 September, had 39% mortality (compared to < 2% in previous years) when they were checked three weeks later on 6 October. The percent of adult scallops in the population was depressed in 2010, possibly a result of the mortality of larvae, spat and juveniles that had occurred during the 2009 algal bloom. A survey conducted in September 2009 revealed that early-spawned seed made up less than 10% of the population, a very low proportion. In the September 2010 survey, year-1 early-spawned adults made up less than 20% of the population, whereas 43% of the population was made up of scallops which resulted from spawns occurring in mid-September, after the 2009 algal bloom had dissipated. Adult scallops seemed to have suffered sublethal effects in 2009, possibly due to inhibition of feeding. Although the total landings in Nantucket during the 2009-2010 commercial season were almost 14,000 bushels, the average yield of ''meats'' was only 5.5 pounds per bushel and compared to a typical yield of 7-8 lb/bu. C. polykrikoides blooms were again observed in August and September, 2010, but they did not appear to have had any significant effects on the scallop population. Monitoring of future blooms of this species and its effects on bay scallops will be coordinated through a joint effort of the Town of Nantucket and the Maria Mitchell Association's scallop research group. Use of probiotic bacteria as an ''environmentally-friendly'' method for controlling microbial pathogenesis in aquaculture has advantages over use of antibiotics, which can leave residues in farmed food fish, and lead to emergence of antibiotic-resistant bacteria. Recent research at the Milford Laboratory has identified a Vibrio sp. bacterium (OY15), isolated from the digestive glands of healthy oysters, that significantly improved survival (p < 0.0141) of oyster veligers (Crassostrea virginica) when challenged with a shellfish larval pathogen, B183 (Vibrio sp). Mechanisms of this probiotic effect were elucidated in an in vitro study suggesting that probiotic candidate OY15 stimulated the immune functions of adult oyster hemocytes. Molecular analysis (bacterial 16S rRNA amplification) of larvae (both challenged and unchallenged with pathogen B183) and culture water, revealed diverse but different bacterial communities in water and within larvae. Addition of OY15 did not significantly change the diversity of the bacterial community associated with oyster larvae, suggesting no selective retention or exclusion of different bacteria within larvae. In addition, B183-specific 16S rRNA genes could not be detected on DGGE gels in larvae or culture water preparations after one day post-infection with this pathogen, while OY15-specific 16S rRNA genes were detected at day one, but not detected at day two. These results suggested that neither OY15 or B183 activities influenced larval or culture water bacterial communities, but were directed at the larvae themselves, which is consistent with the hemocyte immune function studies above. This study investigated further, the interaction of OY15 and B183 within the oyster larval host and associated microbial environment during larviculture. These two isolates were tracked separately and together at various times post-exposure using species-specific primers and quantitative polymerase chain reaction (qPCR) technology to quantify each strain in larvae and culture water preparations, and to establish a detailed time line for residence of these isolates within the host larvae and culture water. From the practical standpoint for oyster larviculture, results from this study indicate the dosage frequency of probiotic OY15 application necessary to provide a significant improvement in survival of oyster veligers to be every other day. As the partial pressure of carbon dioxide (pCO 2 ) changes in seawater, the carbonate system responds with changes in carbonic acid that affect pH -hence the term Ôocean acidificationÕ. Phytoplankton-single-celled photosynthetic organisms that serve as the base of aquatic food webs-require CO 2 as the primary substrate for carbon fixation and therefore growth. Different types of phytoplankton may respond differently to pCO 2 variability depending upon how they acquire inorganic carbon and how efficient these carbon-uptake processes are. Shifts in phytoplankton community structure are expected, but it is unclear whether these shifts will favor more-or less-nutritious phytoplankton to support fisheries and aquaculture production of human food.
POSSIBLE IMPACTS OF THE
ANALYSIS OF SPATIAL AND TEMPORAL INTERAC-TIONS OF A PROBIOTIC BACTERIUM AND A SHELLFISH LARVAE PATHOGEN DURING HATCHERY LARVICUL-TURE OF EASTERN OYSTERS (CRASSOSTREA VIRGINICA
)
OCEAN ACIDIFICATION AND COMPETITION BETWEEN
To anticipate how both natural and anthropogenic changes in ocean pCO 2 (a predicted doubling in atmospheric pCO 2 over the next century) will change the base of the marine food web, we have begun efforts to determine competitive interactions between phytoplankton species under experimentally-simulated ocean-acidification conditions. Immediate tasks include: 1) Developing spectrophotometric and titration analytical methods to characterize the seawater carbonate system for accurately determining pCO 2 and pH and 2) Determining physiological and growth responses to different pCO 2 /pH conditions of aquaculture-and environmentallyrelevant phytoplankton species in CO 2 -manipulated, laboratory culture experiments. A primary goal of this research is to determine if changes in pCO 2 /pH may bestow competitive advantages on certain phytoplankton taxa or species that may have better or worse nutritional profiles for aquacultured shellfish and other grazers in marine ecosystems. Topics that were presented include: (1) siting, permitting and engineering (2) seed collection, (3) competing socking methods (continuous cotton socking versus discrete cotton-bisected polymesh) and the ease of use, environmental foot-print, yield and cost of each, and (4) processing and market issues. Given that mussels grown in Southern New England have highest meat yields in May, June and July when chief competitors in Prince Edward Island have the lowest yields, a prime market opportunity is available. However if the mussel farming industry is to mature locally, year round production and markets must be developed. An economic analysis presented shows that a farm operating 20 lines could yield a 6-year payback on investment at a conservative sale price of $0.40/lb farmgate.
OFFSHORE MUSSEL FARMING
SPAWNING AND REARING GIANT CLAMS. Robert Loren
and Greg Metzger. Southampton School District, Southampton High School, Southampton High School Aquaculture Program, 141 Narrow Lane, Southampton, NY 11968. robertL1212@yahoo. com
Tridacna is a genus of relatively large saltwater clams. Brimming with color, these clams have established themselves as popular marine aquarium inhabitants. Recently, their populations have plummeted as a result of over fishing to meet the aquarium hobby's requirements. Pacific natives also hunt them as a food source. To reduce the dependence on wild caught specimens, spawning and rearing of Tridacna has attained prominence. This study examines the spawning and rearing procedure of Tridacna crocea, and makes note of factors and considerations. The combination of declining populations of molluscan shellfish with increasing awareness of shellfish as an integral component and bellwether of estuarine health especially with respect to nutrient loading, have led coastal states to initiate diverse shellfish restoration programs. Shellfish harvested for interstate consumption necessitates adhering to the National Shellfish Sanitation Program (NSSP) as set forth through the Interstate Shellfish Sanitation Conference (ISSC). Restoration programs include: planting shellfish, habitat improvement, land use actions (stormwater and wastewater mitigation, watershed planning), community action programs (shellfish gardening, volunteer programs) and using shellfish to improve water quality. However, the diversity of programs, methodologies, monitoring and educational components have resulted in a patchwork approach with no clear guidelines for managers to follow.
Of paramount concern to public health managers is the potential for human illness when areas, restricted for harvest through the NSSP, are used for shellfish restoration programs. Yet, shellfish, through their filtering capacity, can help to restore areas to harvestable water quality and natural resource managers want to use the vast acreage for restoration programs. While managers recognize a pressing need for educational and operational guidelines to best utilize the potential benefit of increasing restoration of shellfish while protecting the public, none exists and education and protocols for public health safeguards are urgently needed.
This workshop seeks to identify issues that could present obstacles to shellfish restoration and open dialogue and suggest solutions that may reflect different points of view. At the Sound School Regional Aquaculture Center we have hatched and raised American lobsters, Homarus americanus, for eight years with varying degrees of success. Several processes that restrict interaction of individuals in culture are currently being employed. The commonality between each is that hand feeding is required. Four years ago we began feeding a gelatin based diet to lobsters that were + 6 months. It is generally accepted that it takes from 5 to 7 years for a wild lobster to reach 454 g (1 lb). Literature review suggests that it is possible to attain that weight in as little as three years in culture. We currently have a small 2006 cohort that has an average weight of 188 g and a 2007 cohort that has an average weight of 47 g; both weight averages are less than optimal for animals of their respective ages.
THE GROWTH AND SURVIVAL OF THE AMERICAN LOBSTER, HOMARUS AMERICANUS, FED WITH TWO
We are currently seeking to develop a protocol that will increase the growth of the lobsters while in culture through more effective feeding techniques. Investigations are underway to help refine the feeding regime. The recipe for our gelatin-based feed was altered slightly to allow a ''pelleted'' feed to be produced. Pelleting the feed has provided the means to deliver a known quantity at each feeding without having to weigh each individual portion; a time prohibitive practice if employed on even a moderate scale.
Further, we are attempting to determine the optimal number of feedings per day as well as what percentage of an animal's body weight should be fed at each feeding. In this experiment three cohorts of 16 lobsters each were selected from the 2008 hatch. Average initial weight of each lobster was 6.87g. Each animal was placed in an identical plastic ''food grade'' 2 quart container that had been modified for water exchange and to float. These containers were divided between two identical recirculating systems. All lobsters were fed gelatin based diet.
Initially one group was fed 3.8% of body weight every other day. The second group was fed twice what the first group received; 7.6% of body weight ever other day. A second comparison was made using the third cohort; they were fed 3.8% of body weight daily. Excess feed was removed after four hours. The experiment was initiated in early December. Each system has identical filtration mechanisms and thermal regulation. The lobsters are held in a 1,200 L tank; water temperature is 19°C (±1°C). Research is currently ongoing. Historical mercury deposition has occurred in Long Island Sound from the inflow of watersheds and urban waters throughout the Sound. The source of this matter is indicated to be primarily through industrial run off as well as contaminated sediments from the same watersheds and a small fraction entering the Sound as in situ atmospheric deposition. This elemental mercury through deposition transfigures into residue through sedimentation and thus fixes in Long Island Sound Harbors and water ways. Yet, this cycle of elemental mercury being reintroduced as water soluble organic Methyl mercury [CH 3 Hg], in such anthropogenically impacted near shore and fisheries-rich-systems is poorly understood.
MERCURY CONCENTRATION PROFILE OF SEDIMENT
Although consumption of marine fish and seafood is the principal route through which humans are exposed to Methyl mercury [CH 3 Hg] , few investigations are focused on mercury (Hg) biogeochemistry in marine environments, especially biologically productive estuaries and coastal waters, such as Long Island Sound. This urbanized water shore is subjected to major impact from point sources of pollution, such as water pollution control facilities (WPCFs) and rivers, delivering anthropogenically enhanced fluxes of mercury concentration. Yet the main issue lies upon the reintroduction of that relic mercury into the water source.
Mercury (Hg) concentrations were measured in sediment surface substrata samples (1-7 cm) from Long Island Sound. These data were contrasted by water samples of different layers of the sediment location defining the rate of reintroduction by methylating bacteria exertion. The samples were primarily derived from the Bridgeport Black Rock Harbor range using the sediment Ponar grab and Van Dorn bottle. Phytoplankton samples were derived from the associated sites and were analyzed to draw a full speculative picture of the soluble Methyl mercury [CH 3 Hg] introduction.
A dissolved mercury analyzer (DMA 80) was used for investigating the methyl mercury concentration of the Hg samples. This on-line setup couples the main analytical steps from sample introduction, gas-liquid separation, and Au amalgamation/separation to final detection/data acquisition using flow injection techniques of US EPA 7473. Reportedly there are 1,471 species of fish traded worldwide in the ornamental marine industry; with clownfish being amongst the top ten traded species. Amphiprion ocellaris and Premnas biaculeatus are popular ornamental aquaria fish for hobbyist. The aquaria hobby is a global multi-million dollar industry. Issues arise with the collection of clownfish from the wild. Their capture affects not only wild stock numbers but the ecosystems they inhabit as well; damage associated with the collection methods may affect a myriad of colonial invertebrates as well as non-target vertebrates. Harvesting practices tend to be very destructive. Techniques that are often employed include the use of sodium cyanide and other chemicals to stun the fish. Further, although the numbers vary greatly depending upon what literature is reviewed, it is universally recognized that the survival rates of the captured specimens is low. The continued growth in the marine ornamental trade has created concerns about the increasing demands on natural populations of all reef fish.
THE DEVELOPMENT OF LARVAL HUSBANDRY PROTO-COLS FOR TWO SPECIES OF CLOWNFISH,
Techniques employed in the husbandry of marine ornamentals have advanced significantly in recent years. Clownfish are among the species that can now be successfully cultured. Although the methods required to propagate the species are well documented, implementing the protocols and realizing success are not necessarily linked; every laboratory is unique and site-specific methods must be developed in each location. At the Sound School Regional Aquaculture Facility two species of clownfish have been cultured for several years. A broodstock pair of maroon and three pairs of false perecula clownfish have been established and conditioning of the animals has occurred.
The clownfish broodstock are housed in a rack recirculating system in the fish production laboratory. Both species began producing eggs last spring. Hatches occurred and very limited success was realized; two viable offspring of each species have been raised. Earlier this fall issues arose that interrupted regular egg production. Significant changes to the protocols were introduced and during the last six weeks the egg production by the A. ocellaris has been irregular; while the P. biaculeatus pair has begun producing regular egg clutches again. Several methods to enhance survival of the hatchlings have been developed and are waiting to be tested at this point. Oysters have long been recognized for their ability to filter appreciable quantities of water and in the process clear many of the suspended particulates or seston. Increasing levels of eutrophication in coastal waters have many communities considering how much oysters and other shellfish may be able to consume and clear surrounding waters. Field demonstrations of this seston removal ability have been variable and difficult to establish. In an attempt to establish some local oyster seston consumption data, 200 market sized oysters (81 mm) were stocked in a 10 foot section of 6 inch PVC pipe and elevated off bottom in a small tidal creek. As water passed through the oysters measurements of total chlorophyll (as well as temperature, salinity, pH, DO, turbidity, and depth) were recorded every 5-10 minutes with YSI multi-parameter sondes attached to upstream and downstream ends of the pipe. Samples for particulate nitrogen (N) and carbon (C) were also taken on several days during various tide stages along with flow rate at the time of sampling. The experiment with live oysters was then followed with a control in which dried oyster shell cultch was used in the place of live oysters for comparison. The oyster population consistently reduced the amount of chlorophyll present in the water by a mean of 28.59%, while cultch control samples showed no significant influence on chlorophyll levels (a mean reduction of 0.18%). Turbidity readings were a bit more variable but a significant mean reduction of 22.32% was seen with live oysters, compared to the non-significant 14.18% reduction seen with just cultch. No significant differences were seen with dissolved oxygen or pH, though these values were reduced by 4.87% (0.34 mg/l) and 0.45% (0.036 pH units) respectively as water passed over the oysters. The particulate N and C data was much more difficult to interpret with a great deal of variability. More sampling is needed to determine the effects of oysters on particulate N and C, a direction we hope to continue with in future studies. Remote setting of eastern oyster (Crassostrea virginica) larvae onto whole shell and concrete reef balls was used to create pilotscale oyster reefs in the eutrophic waters of Jamaica Bay, New York. Jamaica Bay is a 100 km -2 water body with a watershed of approximately 370 km -2 that includes portions of Brooklyn, Queens and Nassau County, New York. Oysters once thrived in the bay, with a peak annual commercial harvest of 700,000 bushels one hundred years ago and provided an important habitat for many species while filtering bay water. The bay was closed to shellfish harvesting in 1921. Today naturally occurring live oysters are absent from the bay although relic shell is abundant in some areas.
FIELD MEASUREMENTS OF OYSTER FEEDING IN
AN OYSTER GROWS IN BROOKLYN. AND QUEENS. CREATING PILOT-SCALE OYSTER REEFS IN
In the spring of 2010, oyster broodstock from F.M. Flower and Sons in Oyster Bay were conditioned, spawned and their larvae cultured at the Suffolk County Marine Environmental Learning Center in Southold, NY using standard techniques. Larvae were set onto the shell and reef balls then hardened intertidally for four months before transported to Jamaica Bay, approximately 260 km from the hatchery. To create the Queens reef, aged surf clam shell were used to create a subtidal base 14 m -2 by 0.5 m high with a veneer of oyster spat on aged oyster and surf clam shell. In Brooklyn, 12 concrete reef balls, each measuring 0.5 m wide by 0.3 m high were anchored to the bottom of a tributary creek. Funded by the New York City Department of Environmental Protection as a pilot to look into the possibility of using oysters to improve water quality and provide habitat, the project includes evaluating oyster growth, survival, reproduction, possible water quality improvements and ecological benefits over a two year period. The results will guide future attempts to restore oyster habitat in Jamaica Bay. Authority for the regulation of work in CT coastal waters for shellfish aquaculture is shared by the three agencies. The foremost mechanism used to initiate joint review of coastal activities, including shellfish aquaculture, is the Department of Army General Permit. It is an abbreviated review process containing general categories of activities that are relatively similar in nature and expected to pose minimal environmental impact, individually and cumulatively, to aquatic resources and navigable waters. In New England the General Permit replaces the less flexible Nationwide Permits, allowing the mechanism to be tailored to the needs of an individual state; thereby reducing duplication of regulation. The permit is assessed every five years to ensure compliance with federal regulations and requirements. The CT General Permit is next scheduled to be re-issued in May 2011.
The 2006 permit lacked provisions for the expedited authorization of small-scale shellfish aquaculture-related activities, thereby requiring multi-agency screening of even the smallest aquaculture proposal, whether it was for commercial, restoration, research or educational purposes. To address this limitation, the agencies are collaborating on the identification of small-scale shellfish aquaculture activities which, based upon their experience issuing permits in Long Island Sound over the last 10 years, are not anticipated to result in greater than minimal impact on coastal resources, provided permittee's abide by the specified terms and conditions. The culmination of this joint effort is expected to result in the eligibility of minor shellfish aquaculture projects under a non-reporting category of the Corps General Permit in May of 2011 and associated issuance of a CT DEP OLISP State General Permit for Minor Shellfish Aquaculture Activities and the Placement of Cultch, shortly thereafter. Issuance of the permits will remove one more level of review for minor bivalve aquaculture activities and bring Connecticut and Long Island Sound one step closer to environmentally sustainable and economically viable shellfish production from aquaculture.
SEA FARM CITY: A VISION OF THE FUTURE AND THE ROLE OF AQUACULTURE IN IT. Richard D. Rush, NCARB. 9 Oakland Street, Newburyport, MA 01950. archestr88@comcast.net
As an architect, my profession often requires that I resolve the spatial and physical needs of the present with those of the future. I recently entered an international competition on the subject of The Self-Sufficient City-Envisioning the Habitat of the Future. My design premise was that the linchpin to the future is aquaculture. As aquaculture flourishes, it will provide food, jobs, and wealth. The same harbors where early settlements and towns took place can again provide the seaside habitat for those who farm the sea.
My research for precedents was extensive. Jules Verne took his readers on a voyage around the world with Captain Nemo consuming a different seafood delicacy each day-over 100 years ago! Since Verne, there have been many noted architects whose proposals have included building ''on'' water-three worth mentioning are Kenzo Tange, Buckminster Fuller (both in Tokyo Bay) and Frank Lloyd Wright (at Ellis Island in New York Harbor). In my pursuit of more recent precedents for sea-land settlement concepts, I found several of note. The most compelling were the visionary concepts originated in the Norwegian research-based project by SINTEF. This project is centered on a computerized sea farm that essentially moves with the population of fish that it houses. A cluster of buildings is depicted as floating inhabited support facilities. To be successful, humans may need to learn to build communities that in essence are man-made islands. Japan's Kansai airport is such a building. Another pioneer architect, who actually was inspired as a youth by Jules Verne, is French architect Jacques Rougerie. Thirty years ago Rougerie depicted submerged sea farms supported by undersea tents. Perhaps our first projects will even resemble oil drilling rigs-an ironic twist to be sure. Closer to land, a sprinkling of new settlements on or in the water are already underway in various places around the world-in Holland, Monaco, and Cairo. The Obama initiative in the U.S., encouraging more rational and inclusive marine space planning, is also a step in the right direction. Aquaculture is first on the Obama list of planned inclusive marine activities. Its direct impact on shore communities will be critical to understand.
My resulting competition solution stressed the idea of a floating station, much like a space station in orbit, that would initiate a floating community-Sea Farm City. A stationary subsurface sea farm could be a viable off-shore initial step. Both mussel and oyster farms in Asia rely upon grow-out lines suspended vertically below the surface. Working barges often accompany them. Similarly, our individual Sea Farm City living units would multiply and foster floating solar powered laboratories, aquaria, and communications structures. Such facilities would be fabricated on land and assembled at sea. Critical to their success would be their ability to telescope and submerge in times of very rough seas. Helicopter communication with other ships or land would allow for emergency egress. We already have the technology to emulate Jules Verne. It is time to mine the marine imagination of this generation. It appears that after many ''bad years'' the bay scallop has had a ''good year'' in Connecticut waters. Scallops were more numerous in Stonington and Niantic. Adult scallops were also found farther West than in any previous year. Five live adult specimens were collected on Walnut Beach in Milford.
It is, however, not clear if the increase observed in our local area is indicative of a regional trend. There have been some comments as to a ''perfect'' growing year for bivalves but information is requested from anyone who has observations of scallop population and distribution. By collating observations from the region, a much better understanding can be obtained as to the health and fitness of the sub-species. The blue mussel, Mytilus edulis, is commonly found along rocky intertidal coast lines in the northeast U.S. They are harvested both on a commercial basis and by recreationally. Recently, several attempts have been made to develop viable aquaculture methods for this popular food item. Wild populations of blue mussels along the northeast coast line undergo periodic massive mortality. In order to make aquaculture of the blue mussel a profitable enterprise, it is important to understand the causes of blue mussel mortality in the wild. This information can be used to identify potential problems and management methods for diseases in cultured animals. Diseases contributing to mortality in wild blue mussels on the northeast coast include Mussel Egg Disease caused by Steinhausia mytilovum, and hemocytic neoplasia and Mussel Trematode Diseases caused by various species of trematodes. Stock identification and diversity assessment of economically and ecologically valuable species of shellfish such as the bay scallop, Argopecten irradians, are important for enhancing, restoring, and monitoring declining populations. Advanced techniques based on DNA profiling can provide novel approaches to stock identification and diversity assessment of such aquacultured species. Additionally, molecular markers in combination with phenotypic markers and morphological measurements could further increase the power of such tools. The goal of the original study was to investigate the application of various genetic markers for population identification and diversity of bay scallops from different geographic areas. Phenotypic markers consisted of striped shells. Morphometric measurements were taken. Scallops representing geographic populations and selectively bred genetic lines encompassing Connecticut, Massachusetts and New York were sampled for DNA analysis, with extraction, PCR amplification and sequencing. Scallops were screened for genetic variation in a fragment of the mitochondrial DNA genome. Data indicated that it was a variable fragment both within and between A. irradians populations. The successful bidirectional reads yielded clear sequence data of 990 bp. There were 43 polymorphic sites. Preliminary results suggested that mitochondrial DNA from the various scallop populations generally clustered with respect to geographic origins. Differences might be used as profiles and molecular tags for marker identification in enhancement and restoration efforts. Further study in a second year showed that these scallop populations were sufficiently mixed, however, to indicate that any or all of them could be used for transplantations in a regional approach to enhancement and restoration. Additional data will be collected with the inclusion of other analyses and for evaluation of other groups such as a few scallops recently collected in Milford and others possibly being restored in Stonington and Niantic, Connecticut after several years of decline or disappearance. There is a potential for these smaller animals to recover growth. Accelerated or compensatory growth can follow a period of slowed growth, which usually results from crowding and nutrient deprivation. In this experiment, a group of bay scallops was held for almost two years under sub-optimal conditions, resulting in poor growth and stunting of shell height. Their growth was then compared to a group of younger scallops of similar size in a raceway grow-out system at low density and with high seawater flow. Scallops were held in pearl nets (2mm mesh) with three replicates of each treatment. Nets and tanks were cleaned periodically, and the scallops were measured monthly. After 91 days, the stunted bay scallops (43.6 mm ± 0.67 SE) were significantly smaller (P < 0.001) than the younger scallops (48.5 ± 0.58 SE). In this experiment we found no evidence of compensatory growth in the stunted group, possibly because the growth deficit could not be recovered in scallops of this age. Maryland has had a contentious history of shellfish leasing from the inception of the program in the 1800s with commercial harvesters being opposed to any system that placed submerged public lands in private hands. However, some local areas did evolve where bottom culture was favored and a knowledge base developed about aquaculture production. Over the past several decades severe decline in oyster populations led to loss of employment and the rural economic base that the public fishery supported. Annual harvests fell from 2.5-3 million bushels to between 100-200 thousand bushels recently. Political decisions then led to renovation of the state's leasing laws in 2009 that moved Maryland from being very restrictive in shellfish aquaculture to one where production is encouraged. A process to develop regulations for the industry over the following year incorporated shellfish aquaculture as an important component of a new statewide oyster management plan.
DISEASES CONTRIBUTING TO THE PERIODIC MORTAL-ITY OF MYTILUS EDULIS
STUDIES
CHALLENGES TO CREATING
CREATING OPPORTUNITIES FOR TRANSITIONING
To spur development of shellfish aquaculture as part of the new plan, Maryland has instituted a series of efforts. An Oyster range. High-frequency sampling revealed high variability in oyster particle removal on short (min.-hr.) time scales, including oyster responses to environmental variation, such as diurnal temperature and dissolved-oxygen cycles, wind-driven turbulence, and the presence of harmful algae. Adult oysters located on the sediment surface beneath the FLUPSY were tested for immunomodulation associated with environmental variation; the presence of the ichthyotoxic dinoflagellate Cochlodinium polykrikoides caused immunomodulation in the adult oysters and reduced feeding and caused mortality in the seed oysters. The main overall finding of this study is that feeding and metabolic activities of aquacultured seed oysters in a highly-productive estuary are very responsive to both seasonal and short-term environmental variation; therefore, models to project carrying capacity and ecosystem services of shellfish aquaculture and restoration need to incorporate such variability.
A NEW PHOTOBIOREACTOR: ALGAE BIOMASS FOR FISH MEAL SUPPLEMENTS. Loy Wilkinson and Mark Dixon. Commercially feasible production of algae biomass for fish meal supplements will be possible with a new, low-cost photobioreactor now under development at Coastal BioMarine. The photobioreactor has produced algae broth in excess of 5 grams per liter in a 200 day run. The device is a flat panel design and is fabricated from film. It is also mass producible at a low cost.
The 200 day run was accomplished with a prototype design energized by a light panel. The algae is Tetraselmis, strain PLY429. The prototype is 18 inches wide and 84 inches high and is oriented vertically at a 70 degree slope. Operation is 24 hours per day. The broth is recirculated internally. Turbulent flow is maintained in eight air lift risers. Broth is recirculated via two downcomers.
Supplementary carbon dioxide was provided to control the pH in a range of 8.3 to 8.8 for most of the run. The pH was monitored on line.
The broth was nourished with E media less the Tris buffer and E-vitamins.
Photographs of the photobioreactor are published in the web site: www.coastalbiomarine.com.
Light intensity is deemed to be limiting throughout the run. Photon flux on the front side was steadily increased from about 60 micromoles per second per meter squared to 350 micromoles per second per meter squared. The back side lighting ranged from 60 to 100 for the duration of the run.
No good data was collected on the areal productivity. The effects of low photon flux on productivity are uncertain. Entrainment of an indeterminate amount of biomass out the vent line made accurate material balances impossible.
The next run will be with an Isochrysis species and the entrainment losses will eliminated.
Also to be presented will be quantification of the effects of shading in dense cultures and the benefits of turbulent flow.
The pathways of commercial development for fish meal supplements and for biodiesel will be described as well. Quantifying the effects of ocean acidification on marine calcifying organisms will identify the potential impacts to the shellfish population in Long Island Sound. Acidification of a body of water causes the calcium carbonate shells of organisms to weaken. Deposition of atmospheric carbon dioxide into the water forms carbonic acid (H 2 CO 3 ). Exposure to carbonic acid causes the integrity of the shell to be weakened. Pure carbon dioxide in the form of dry ice, with controlled sublimation, is used to acidify the sample water. The experimental setup includes a closed chamber through which the sublimation rate is controlled. This novel chamber is connected to a gas diffuser which ensures carbon dioxide diffusion is evenly distributed into sample containers. The process works through pressure allowing the carbon dioxide to exit the chamber in gaseous form and dissolve into the experimental water sample. Four different sample containers were used with shell samples in each container. Container I housed distilled water; Container II housed a control of distilled water. Container III held salt water and Container IV held a control of salt water. Containers I and III had carbon dioxide diffused into them. Containers II and IV were maintained as controls (no changes to pH were made). The pH of container I had a range of 4.12 to 5.96. The pH of container II had a range of 5.70 to 7.53. The pH of container III had a range of 4.61 to 7.15. The pH of container IV had a range of 6.84 to 7.68. Dissolved calcium in sample water was tested before and after acidification in an effort to determine baseline levels of dissolved calcium pre-exposure and levels introduced by shell denudation. The concentration of calcium in Container I had a pre exposure concentration of 12 parts per million and a post exposure concentration of 288 ppm. The percent increase for Container I was 2,300%. Container II had a pre exposure concentration of 12 ppm and a post exposure concentration of 40 ppm. The percent increase for Container II was 233%. Container III had a pre exposure concentration of 1,176 ppm and a post exposure concentration of 1342 ppm. The percent increase for Container III was 14%. Container IV had a pre exposure concentration of 1126 ppm and a post exposure concentration of 1,156 ppm. The percent increase for Container IV was 3%. The distilled sample (I) and distilled control (II) sample had a difference of +2,077%, while the salt water (III) and salt water control (IV) sample had a difference of +11%. It can be deduced that the salt water samples did not have as large of a percent increase as the distilled water samples due to buffers in the salt water. In addition to the mass being taken and the calcium test, samples were viewed under a Scanning Electron Microscope. Ridges on samples before experimentation will be compared to those after. However, from the data presented so far, the experiment is following the basic theory. This data is seemingly showing a trend that shells introduced to this acidification process are experiencing denudation and releasing calcium into the surrounding water.
EFFECT OF OCEAN ACIDIFICATION
